Introduction
Marker assisted selection (MAS) has not been widely implemented in perennial forage breeding programs [1] , mainly due to the fact that: a) they are small breeding programs with limited resources; b) there is a lack of genomic tools and infrastructure and c) ploidy level of main forage species such as alfalfa. Alfalfa (Medicago sativa L.) is a perennial, outcrossing forage species, with great potential for hay, silage and pasture production. Nowadays, it is one of the most widely planted forage legumes in the world. The wide geographical distribution of alfalfa is caused by its great adaptability to different climatic and soil conditions, pests and diseases [2] . Breeding programs aimed to genetically improve alfalfa started at the beginning of 20th Century, but the progress of alfalfa breeding has been slow, compared to other important food and feed crops [3] . The main reasons being due to: a complex genetic structure (autotetraploidy), allogamy and tetrasomic inheritance in alfalfa, as well as plant architecture, hermaphroditic flowers, and meadow conditions [4] .
Alfalfa breeding programs are based on recurrent phenotypic selection, with or without progeny testing, with an aim to accumulate desirable alleles at high frequency within a population [5] . Using phenotypic selection, there was great improvement in disease and pest resistances, winter tolerance and forage nutritive value, but increase of yield has been less successful. In the future, it should be better to develop the well documented pedigree breeding programs, obtain marker data on elite material and develop narrow-based synthetic cultivars, then working with recurrent selection within broadly based germplasm [6] . Developing a program along these objectives may increase the concentration of desirable alleles for yield and other traits. In these breeding programs aplication of DNA markers could be useful in paternity testing and screening for diversity during cultivar synthesis [7] .
Genetic background of alfalfa (tetraploid structure of the genome, cross pollination and severe inbreeding depression), lead to different levels of genetic variation in synthetic alfalfa cultivars [8] . Genetic diversity within and among alfalfa populations have been assessed by using various types of DNA markers: Random Amplified Polymorphic DNA (RAPD) [9] [10] [11] [12] , Amplified Fragment Length Polymorphism (AFLP) [13, 14] , Restriction Fragment Length Polymorphism (RFLP) [15, 16] , Simple Sequence Repeat (SSR) [17] [18] [19] , Intersimple Sequence Repeat (ISSR) [20] and Sequence Related Amplified Polymorphisms (SRAP) [21, 22] . Results of all this research lead to conclusions (i) that alfalfa populations, both wild and cultivated, are highly diverse and (ii) that most genetic variation in alfalfa resides within populations.
Among DNA markers, RAPD [23] is generally considered a fast, informative and inexpensive type of marker, which despite dominance and low reproducibility, allow analysis of the polymorphism in many individuals with good coverage of the entire genome [24] . Since the information about germplasm diversity and relationships within and among breeding material is important for any alfalfa breeding program, the aim of this research was to determine genetic variation and relationship among five varieties and their F1 progenies by using RAPD markers. This research represents the initial evaluation of the potential usefulness of RAPD markers as an inexpensive, quick and efficient tool for diversity screening, and possible application of MAS in semihybrid alfalfa breeding programs.
Material and methods

Plant material
For the study 30 alfalfa populations were chosen, including 5 alfalfa parental varieties: NS Banat ZMS II (B), Gareh Yon Geh (G), Zuzana (Z), Pecy (P) and RSI 20 (R), and their progenies: 20 F 1 populations from the reciprocal diallel crosses and 5 S 1 populations (Bs, Gs, Zs, Ps, Rs) from self-pollination used in alfalfa semi-hybrid breeding program at the Institute of Field and Vegetable Crops, Novi Sad [25] . From each parental population 10 individual samples were taken for DNA isolation. Isolated DNAs were then mixed into the bulk samples.
In progeny populations, genomic DNA extraction was performed using the mixture of leaves collected from ten to twenty plants per population. Total genomic DNA was isolated from leaves according to the protocol of [26] .
RAPD analysis
Twenty previously selected primers from ROTH Ò GmbH kits X, Y and Z [27] were used. PCR was carried out in a 25 µl reaction volume containing 2.5 µl buffer; 0.2 mM L -1 of each dNTP; 0.5 µM L -1 of primer; 2 units of Taq polymerase (Fermentas) and 30 ng of DNA. DNA amplification was performed in Tpersonal PCR (Biometra) termocyclers with amplification profile: denaturation at 94ºC for 4 min, followed by 40 cycles under 94ºC for 1 min, 36ºC for 1 min and 72ºC for 2 min, with final elongation on 72ºC for 10 min. The amplified products were separated by electrophoresis on 1.5% agarose gels containing 0.005% ethidium bromide and visualized under UV light. As the molecular standards were used GeneRuler 100 bp plus and GeneRuler 1 kb DNA Ladder (Fermentas).
Data analysis
Each amplified fragment was treated as binary unit character and scored "0" for absence and "1" for presence. In order to measure informativeness of the markers, the polymorphism information content (PIC) for each primer was calculated [28] . Estimation of genetic variation within groups of populations (parental varieties, cross-pollinated progenies and self-pollinated progenies) was carried out by using the POPGENE software package (version 1.32; Molecular Biology and Biotechnology Center, University Alberta, Canada http://www.ualberta.ca/~fyeh/Pop32.exe) for calculation of the following parameters: number of polymorphic loci P (no) and their percentage P (%), effective number of alleales per loci, expected heterozygosity (He) based on allelic frequencies [29] and Shanon's information index (I) of phenotypic diversity [30] based on marker frequencies. For estimation of variance components among and within the groups of tested populations analysis of molecular variance (AMOVA) [31] was performed, using the GenAlEx software (version 6.5, Australian National University, Canberra, http://biology. anu.edu.au/GenAlEx).
Jaccard's coefficient of similarity was used for grouping of the populations by unweighted pair group arithmetic mean (UPGMA) cluster method. Dendrograms were drawn using SAHN clustering method as available in NTSYSpc software package (version 2.11a, Department of Ecology and Evolution, State University of New York) and generated by using TREE display option. Robustness of the clustering pattern was tested by bootstrap analysis using Free Tree software (version 0.9.0.1.50, Faculty of Science, Charles University, Prague, http://ijs.sgmjournals.org/content/vol51/issue3/). Bootstrap values over 50 are considered significant and provided on the dendrogram. The genetic relatedness of alfalfa accessions was also analyzed using the Bayesian model-based clustering approach provided in STRUCTURE software (version 2.2, Department of Human Genetics, University of Chicago, http:// pritch.bsd.uchicago.edu/software) for dominant RAPD data with the length of the burn-in period of 10 5 steps followed by 10 6 Monte Carlo Markov Chain replicates and a model allowing for admixture and correlated allele frequencies [32] . No prior information was used to define sub-populations. The choice of the most likely numbers of sub-populations K was carried-out by comparing log probabilities of data [Pr(X|K)] [33] . In addition, we also used the ΔK statistic, based upon the rate of change between successive K values, to infer the upper most level of structure in the data set [34] . Ten independent runs of STRUCTURE software were performed for each pre-defined number of sub-groups ranging from 1 to 10.
Probability of accession classification to sub-populations was computed to achieve Hardy-Weinberg equilibrium for the loci within sub-groups. This model assumes the genome of each accession originates from each of the K sub-populations.
Results
Genetic diversity
Twenty selected primers generated 217 bands (loci) ranging in size from 300 to 6000 bp (Table 1) , with an average number of bands per primer of 10.85. Primer Y10 produced the highest number of bands (17), while primer Z14 produced the lowest (4). The most informative primer was Z17 with PIC value of 0.374.
Eleven new bands, that were absent in the parental populations, were detected in the progenies. Some of them occurred in only one progeny population, like band 2200 bp Y07 which was specific for the progeny population PxG; band 3900 bp Z12 was specific for the progeny population PxB (Figure 1 ) and band 800 bp X17 was specific for the progeny population GxB. Some bands were present in two progeny populations: band 1400 bp X09 was present in populations GxP and PxB, while 750 bp Y02 band was present in populations PxB and PxZ. The other bands were detected in three or more hybrid populations. Three bands (350 bp, 550 bp and 650 bp) amplified by X12 occurred in one progeny population coming from self-pollinated offspring Zs. The band 750 bp X17 was present only in parental population Gareh, but not in progenies.
Hybrids had the highest level of genetic variability, while parameters of genetic variability were similar in parental populations and self-pollinated progenies ( Table 2 ). The overall percentage of polymorphic bands was 74.65% of the total number of bands. Progeny populations coming from cross-pollination showed the highest percentage of polymorphic bands (68.20%) and the effective number of alleles (Ne = 1.414 ± 0.383), while progeny populations coming from self-pollination and parental populations had similar values. The value of expected heterozygosity (He) in the parental populations was 0.178, in self-pollinated progeny 0.177 and in hybrid progeny 0.240. The Shannon's diversity index (I) in parental populations was 0.260, in selfpollinated progeny was 0.259 and in F 1 progeny 0.357.
Most of the genetic variability (85.4%) estimated by AMOVA was attributed to variation within population groups, and only 14.6% was found between the tested groups (Table 3) .
Cluster analysis
A genetic distance based analysis was performed by calculating the Jaccard's coefficient similarity. Table 2 . Estimates of genetic variation in alfalfa populations using RAPD markers. P (no) -number of polymorphic loci, P (%) -percentage of polymorphic loci, Ne -effective number of alleles, He -expected heterozygosity, I -Shannon's information index, S1 -self-pollinated progeny, F1 -hybrid progeny (Figure 2) . Hybrid progenies and parental populations formed the first cluster, while self-pollinated progenies formed second cluster with high bootstrap values. In the first cluster only hybrids with Zuzana as parental variety formed distinct group, as well as hybrids with parental variety RSI.
Parallel to hierarchical UPGMA clustering, the alfalfa dataset was further analyzed by employing the model based clustering approach, since distance-based methods often introduce distortions and simplifications in the representation of the relationships among members of larger clusters [35] . As the plotting of the natural algorithm of the probability K did not reveal a clear cut-off pattern of grouping, the ΔK method of [34] was used. In according to ΔK method, the highest peak value was obtained at K = 4 indicating the presence of four major groups of individuals (Figure 3) . Accessions with a membership coefficient less than 0.7 were considered as mixed.
From a total of 30 populations, 23 (76.7%) were assigned into one of the model defined groups. The group A consisted mostly of the cross-pollinated offspring of variety Zuzana, with an exception of population B×P (Figure 4) . Membership coefficient over 0.9 had all crosses of Zuzana with Banat and Ghareh, and population B×P. Coefficient varied between 0.7 and 0.9 for crosses of Zuzana with Pecy, as well as for the population Z×R. The group B consisted of RSI offspring, where populations R×B, R×Z and R×P had the membership coefficient over 0.9, and population B×R had coefficient 0.81. Although populations P×R and R×G could be considered as being admixed, the highest proportion of their variation is attributed to this group (64.9% and 40.3% respectively). Populations G×B, G×P, G×R and P×B were placed in group C with the membership coefficients over 0.9. The coefficient between 0.7 and 0.9 had population P×G and parental varieties Zuzana, Pecy and RSI. The group D included four self-pollinated progenies, where Bs and Gs had the membership coefficient over 90%, Ps and Rs between 70 and 90%, while Zs could be considered as admixture with highest proportion of variation (66.1%) attributed to this group. Parental varieties Banat and Ghareh could be considered as admixed, since Ghareh had similar proportion of variation attributable to groups A and C (50.8% and 46.1%), while Banat had membership 
Discussion
In the present study, we analysed 30 alfalfa populations from breeding material used in alfalfa semi-hybrid breeding program. The RAPD technique was found suitable for use with Medicago genotypes because of its ability to generate consistent polymorphic markers. Since reproducibility is an important factor in RAPD studies [36] , only highly consistent bands were used.
In the analysis of bulk samples, 20 primers produced 162 polymorphic bands with an average of 8.1 polymorphic bands per primer, which is higher than a number of bands used in [37] and [38] . Some bands were detected only in the parental varieties but not progenies while some bands could be detected only in progenies. This might indicate the presence of specific loci in the genotypes studied, especially variety Pecy, since it was parental population for the most hybrids where new bands were detected. Since RAPD variation resides in many different types of mutational events, that occur in the annealing site of the primer and between the two adjacent sites responsible for the amplification [39] , presence or absence of RAPD bands may indicate the occurrence of genetic changes in the genome of the hybrids, either through the loss or rearrangement of some of their nucleotides [40] . Detection of the band 750 bp, generated by primer X17, in the parental variety Ghareh, indicates that some primers have potential to be used in identification of alfalfa breeding material.
Parameters of genetic variation had high values, indicating that variability of tested populations was high, as in [37, 39] . It could be noticed that self-pollinated progenies and parental populations had similar values of genetic variability parameters, which were smaller than in F 1 hybrids. One of the reasons for it might be a decrease of heterozygosity levels and increased similarity within populations, due to self-pollination [41] . Furthermore, the parental populations are maintained through open pollination, which enables crosses between similar and/or closely related plants, thus reducing variability and heterozygosity. The percentage of polymorphic bands, expected heterozygosity and Shannon's diversity index in parental varieties were lower than in [42] , where their individual RAPD analysis was done. This is the consequence of elimination of low abundance amplicons in the bulk PCR reaction, because of high competition among templates, especially when they were faint [37] .
The AMOVA revealed a higher distribution of genetic variation within groups of populations (parental varieties, self-pollinated progenies, hybrids), then between them. This was to be expected, since the previous individual RAPD analysis of parental varieties revealed very high distribution of genetic variation within varieties [42] , which agrees with results of investigations done on a range of diverse alfalfa populations of various origins [16, 17, 43] . Alfalfa populations are highly heterozygous and heterogeneous [10] , and as a consequence commercial cultivars are composed of thousands of plants of different genotypes [44] . It could be detected that genetic diversity and heterozygosity were higher in alfalfa hybrids than in parental populations, who are maintained through open-pollination. This is probably the consequence of crosses between similar and/or closely related plants, which occur in open-pollination, increasing the homogeneity of genotypes in parental populations.
Since the selfing of alfalfa not only reduced level of heterozygosity, leading to higher similarity within population, but also increased the differences between parental populations and their S 1 progenies [41] , both types of cluster analysis grouped self-pollinated progenies in separate sub-cluster or group. Additionally, both types of cluster analysis placed the hybrid offspring where Zuzana, and RSI 20 were maternal parents in separate groups. In our opinion, this could be the consequence of maternal effect, which was already confirmed in diallel crosses, on this breeding material, for plant height and number of stems [25] .
The allogamy of alfalfa, its autotetraploidy and sexual propagation result in large genetic variation at the intrapopulation and variety levels, which can hinder the effective genetic discrimination among populations. Although the bulked-sample DNA analysis with RAPD markers results in fewer bands compared with individual analysis, it can be used in estimation of genetic relatedness among heterogeneous alfalfa cultivars [45] . The results of this study show that they can also be very efficient in evaluating the genetic relationships between closely related genetic material, i.e. parental populations and their offspring. Use of bulked DNA samples can reduce the number of individual analysis, and enable the screening of the larger number of populations, making the use of MAS in alfalfa breeding programs more costeffective.
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